Laser-induced breakdown spectroscopy (LIBS) technique was used to compare various types of commercial milk products. Laser-induced breakdown spectroscopy spectra were investigated for the determination of the elemental composition of soy and rice milk powder, dairy milk, and lactose-free dairy milk. The analysis was performed using radiative transitions. Atomic emissions from Ca, K, Na, and Mg lines observed in LIBS spectra of dairy milk were compared. In addition, proteins and fat level in milks can be determined using molecular emissions such as CN bands. Ca concentrations were calculated to be 2.165 AE 0.203 g/L in 1% of dairy milk fat samples and 2.809 AE 0.172 g/L in 2% of dairy milk fat samples using the standard addition method (SAM) with LIBS spectra. Univariate and multivariate statistical analysis methods showed that the contents of major mineral elements were higher in lactose-free dairy milk than those in dairy milk. The principal component analysis (PCA) method was used to discriminate four milk samples depending on their mineral elements concentration. In addition, proteins and fat level in dairy milks were determined using molecular emissions such as CN band. We applied partial least squares regression (PLSR) and simple linear regression (SLR) models to predict levels of milk fat in dairy milk samples. The PLSR model was successfully used to predict levels of milk fat in dairy milk sample with the relative accuracy (RA%) less than 6.62% using CN (0,0) band.
Introduction
Milk contains various mineral elements and proteins. It plays a role in physical growth, especially for that of newborns, as it contains essential nutrition. Laser-induced breakdown spectroscopy (LIBS) is a noninvasive optical emission spectroscopy technique. With such features, it requires little or no sample preparation. As such, it is a powerful tool that can be used for evaluating and identifying mineral elements in milk samples. Laser-induced breakdown spectroscopy is a sensitive technique and has a fast analytical response. It is also less costly and more efficient compared to other analytical methods. [1] [2] [3] Laser-induced breakdown spectroscopy spectra have been used with univariate and multivariate statistical analysis (MVA) to determine and compare elemental compositions.
1,4-8 Augusto et al. determined Ca, Mg, and K elements in powder milk using LIBS spectra with univariate and multivariate analyses. 4 Bilge et al. identified several mineral compositions in different kinds of powdered milk samples with whey, 9 in different kinds of meat samples, 1 in different kinds of wheat flour with ash analysis, 6 and in wheat flour with Ca addition. 5 Using LIBS spectra with univariate and multivariate analysis, Abdel-Salam et al. studied infant formulas to investigate whether that milk has nutrients sources comparable to the nutritional value with that of human milk. 3 This method was used to evaluate, improve, and develop commercial infant milk as a useful alternative milk for infants. 10 Different kinds of animal milk samples were studied tracing Mg, Fe, Sr, Ca, Ba, and Na emission lines. Molecular emission analysis was performed using LIBS spectra. [11] [12] [13] The protein contains structure of the casein (e.g., alpha-casein C 38 H 57 N 9 O 9 ). An increase of casein will contribute to increase the peak of intensity of the CN bands. 2, 13 Thus, the molecular bands of CN in LIBS spectra were studied to determine the protein levels in milk samples. [14] [15] [16] The peak of intensity of the CN bands is an indication of the protein levels in any kind of milk. This method was first successfully applied for milk samples in 2013. 17 Multivariate statistical analysis methods were used with LIBS spectra in the food industry (e.g., whey adulteration, 9 meat adulteration, 1 flour quality, 6 organic and conventional vegetables, 7 and wheat flour quality 5 ) and the product industry (e.g., treated wood 18 and steel quality 8 ). Principal component analysis (PCA) is a MVA method that is used to summarize large data sets into a lesser number of new independent variables as principal components (PCs). It is a powerful tool for classification to show the differences and similarities between two or more samples. In LIBS spectra, these variables (e.g., wavelengths) are scattered into the scores plot, depending on the concentration or composition of the mineral elements in the samples. 7, 19 Partial least squares regression (PLSR) is also an important MVA method for developing calibration models. The relationship between the intensity of the elements and the species concentration or fat milk levels was analyzed in this study, to minimize the matrix effect and spectral interference of element lines. 8 Bilge et al. evaluated Ca in wheat flour using LIBS spectra with the PLS method to minimize the matrix effect. 5 In this study, we determined the elemental composition of milk samples (e.g., Mg, Ca, K, and Na) and compared them using both univariate analysis and MVA methods. We calculated Ca concentration in dairy milk using the standard addition method (SAM) with LIBS spectra. We applied the PCA method for the milk samples to discriminate them depending on their mineral element concentrations and compare them with the univariate analysis results. The PCA model was successfully applied in a few minutes to approach the results achieved using the univariate analysis and overcome matrix effect and spectral interference problems. We also applied PLSR and simple linear regression (SLR) models to study and predict the proteins and milk fat levels in dairy milk samples.
Experimental Details Experimental Setup
The experimental setup is shown in Fig. 1 . Frequencydoubled Q-switched neodymium-doped yttrium aluminum garnet (Nd:YAG) laser pulses (Quantel CFR400, 2 Hz, 7 ns FWHM, 6 mm diameter, and 235 mJ maximum energy per pulse) were focused through a 30 cm focal length quartz lens and reflected onto a sample using a right-angle prism. Emission spectra were collected through a 100 mm diameter optical fiber using a pickup lens (Ocean Optics Inc., Part No. 74-UV) located at 7 cm from the sample and aligned at 45 to the normal laser beam. The optical fiber was coupled into a spectrograph (Mechelle ME5000, Andor Technology, spectral resolution 5000) with spectra range of 200-975 nm. A 1024 Â 1024 intensified charge-coupled device (ICCD) detector was used for data acquisition. 7, 11, 20 A synchronization controller system, which is a programmable time controller, was used to control the gate delay time and gate width time; it is triggered by a pulse from the laser Q-switch to synchronize data acquisition. The spectra were recorded and processed using Andor iStar software (version 4.29). The spectrum acquired was an average of five accumulations and each accumulation consisted of an average of ten laser shots. In other words, a total of 50 laser shots was used in each spectrum at the same conditions (gate delay time, gate width time, and laser energy) to obtain a better signal-to-noise (S/N) ratio. All samples were placed on a rotating platform to ensure that each laser shot hit on a fresh sample spot. Regardless of increase in laser shots, a fixed rotation speed (4 /s) was used for all measurements.
Preparation of Samples
Thirteen kinds of milk products were used in this study. The samples included three commercial dairy milks, three commercial lactose-free dairy milks, soy milk powder, and rice milk powder. In addition, five of the dairy milk samples were prepared from three commercial dairy milks. They were 0% milk fat, 1% milk fat, and 2% milk fat. The milk fat concentration of the samples is shown in Table 1 .
The new concentration of milk fat was calculated using the sum of the net volume of fat each milk fat level divided by the total volume mixture is given as:
where c i is 0%, 1%, and 2% for 0% milk fat, 1% milk fat, and 2% milk fat, respectively; and v i is the volume of the sample.
We dropped approximately 0.5 mL of milk samples at different places on 3 Â 7 cm 2 ashless filter paper, which had a 2.5 mm pore size. In a clean laboratory using an injection, the droplets were left on ashless filter paper for 15 min to homogenously distribute throughout the whole paper, as shown in Fig. 2 . These droplets were placed on different place of the filter to ensure that milk was absorbed in the filter. 2, 3 A little amount of the soy milk powder or rice milk powder sample was placed on a piece of 1 in. Â 2.5 in. double-sided tape (Scotch, 3M) which was stuck on a glass slide (Fisher Finest, microscope 1 in. Â 3 in.). Each sample placed separately on a glass slide. The sample was smoothly distributed with another glass slide. This thin layer of sample ($ 8-10 mg) on the glass slide was used for LIBS measurements. 20 For optimization, the LIBS signals were recorded with different gate time delays (0.5, 1, 2 ms) with a fixed gate width of 5 ms and the laser energy was 83 mJ. The optimum gate time delay was found to be 2 ms with a gate width at 5 ms, yielding the highest S/N ratio. Each spectrum collected was an average of the spectra from ten laser shots.
Analysis Methods
To compare LIBS spectra of different milk samples, both univariate analysis and multivariate data analyses methods were used. In univariate analysis, a calibration curve can be obtained based on simple linear regression. [21] [22] [23] The calibration curve is obtained by plotting analyte signal versus concentration of analyte. In some cases, calibration curves were obtained using intensity ratios of analyte lines with reference lines as an internal standard to overcome the matrix effect. [21] [22] [23] If the concentration of the analyte in a sample is unknown, it is possible to create a calibration curve based on standard addition method (SAM) 21 in which the spectral response after each known quantities of analyte added was measured and plotted versus the added analyte concentration. The unknown analyte concentration can be determined from the linear regression line of the SAM calibration curve. In this study, we used SAM to determine concentration of Ca in dairy milk samples and protein and fat levels in different kinds of milk samples.
Multivariate analysis methods used a statistical technique to analyze data from more than one variable at once to provide a good visualization of the relationships among the variables. 24 One of the powerful tools of MVA methods is PCA which can reduce many variables to a few linearly uncorrelated variables called principal components (PCs). 1, 9, 25, 26 Principal component analysis is capable of reducing a huge data set in a few minutes without losing much information. The PCA method was used with LIBS spectra of milk samples in this study. It discriminates depending on the concentration or structure of the mineral elements in the samples into the scores plot showing classification. In addition, PLSR, a spectral decomposition technique, was used to improve calibration models avoiding any matrix effect. Partial least squares regression uses the correlation between the spectral data and species concentrations to construct a calibration model. It was used to determine the protein and fat levels in different dairy milk samples. The multivariate analysis methods (e.g., PCA, PLSR, and predicted regression were performed using The Unscrambler 10, CAMO Software).
Results and Discussion

Comparison of the Laser-Induced Breakdown Spectroscopy Spectra in Different Milk Samples
Laser-induced breakdown spectroscopy spectra of soy milk powder, rice milk powder, lactose-free dairy milk, and dairy milk were recorded under the similar experimental condition, as shown in Fig. 3 . The average of five samples of soy milk powder, five samples of rice milk powder, 15 samples of the lactose-free dairy milk (five samples of 0%, 1%, and 2% of the lactose-free dairy milk fat samples), and 40 samples of dairy milk (five samples of 0%, 0.09%, 0.4%, 0.88%, 1%, 1.12%, 1.91%, and 2% of dairy milk fat samples) were used for the spectral comparison. The observed emission lines of the major minerals (Mg(I) 285.21 nm, Ca(I) 422.67 nm, Ca(I) 558.87 nm, Ca(I) 559.44 nm, Ca(I) 559.84 nm, Na(I) 589 nm, Na(I) 589.59 nm, K(I) 766.49 nm, and K(I) 769.9 nm lines) are compared and shown in Fig. 4 .
It is clear that the Ca(I) 558.87 nm, Ca(I) 559.44 nm, and Ca(I) 559.84 nm lines had suffered spectral interference in soy milk powder than other milks. The intensity of Na(I) 589 nm and Na(I) 589.59 nm lines were also the highest in soy milk powder than others.
We obtained that the highest intensity ratio of Mg and Ca lines with the Na(I) 589.59 nm and K(I) 766.49 nm lines are larger in rice milk powder than in other milk samples studied. It can be estimated that the rice milk powder had the highest concentration of Mg and Ca among these milks studied. Similarly, soy milk powder had higher ratios of intensity of Na(I) 589.00 nm, Na(I) 589.59 nm, and Ca(I) 422.67 nm lines with the Na(I) 589 nm and K(I) 766.49 nm lines than other mineral elements. As a result, soy milk powder seems relatively rich in Ca and Na elements.
In addition, the ratios of the intensity of the K(I) 766.49 nm and K(I) 769.90 nm lines with the Na(I) 589.59 nm in lactose-free dairy milk samples were slightly higher than in soy and rice milk powder samples, as shown in Table 2 . It can be estimated that the K concentration in lactose-free dairy milk samples was slightly higher than that in soy and rice milk powder samples. Soy milk powder had a lower concentration of mineral elements than those of other kinds of milk studied, but it had a higher concentration of Na than other milk samples.
Comparison of Lactose-Free Dairy Milks and Dairy Milks
The ratios of intensity of the Mg(I) 285.21 nm, Ca(I) 558.87 nm, Ca(I) 559.44 nm, Ca(I) 559.84 nm, K(I) 766.49 nm, and K(I) 769.9 nm lines with the Na(I) 589.59 nm lines were used to discriminate different fat levels of dairy milk and lactose-free dairy milk, as shown Table 3 .
We found that the ratios of intensity of the Mg(I) 285.21 nm, Ca(I) 558.87 nm, Ca(I) 559.44 nm, Ca(I) 559.84 nm, K(I) 766.49 nm, and K(I) 769.9 nm lines with reference line are similar in different milk fat samples for Figure 4 . The average of LIBS spectra for four elements Mg, Ca, Na, and K lines for different kind of milk samples (soy milk powder, rice milk powder, lactose-free dairy milk, and dairy milk from top to bottom). each dairy milk sample, as shown in Table 3 . It may indicate that the concentration of mineral elements could be similar in different milk fat samples for each dairy milk sample. The root mean square error (RMSE) were calculated manually for the different fat levels of each of these mineral elements.
The RMSE values were found in the range of 0.011-0.086 for dairy milk and 0.003-0.09 for lactose-free dairy milk, as shown in Table 3 and Fig. 5 . In addition, the ratio of intensity of these elements of 1% dairy milk fat were used to determine the degree of difference using the t-statistic with OriginPro 2015 software. Prob>jtj and t statistic values were 0.993 and -0.0089, respectively, for the lactose-free dairy milk. The Prob>jtj and t statistic values were 0.968 and -0.0404, respectively, for dairy milk.
These results provide a good argument that all samples have similar concentrations for different fat levels and they are in agreement with the labels of the lactose-free dairy milk and dairy milk, as shown in Table 4 . There are no significant deference in Ca, Na, and K concentrations for both different fat level of dairy milks and lactose-free dairy milks. The amount of Na and K in a cup (240 mL) are 120 mg and 350 mg, respectively, for all 0%, 1%, and 2% of dairy milk fat based on the dairy milk labels. Similarly for lactose-free dairy milk fat, the amount of Na and K in a cup (240 mL) are 125 mg and 410 mg labels for all 0%, 1%, and 2%. The amount of Na and K in lactose-free dairy milks have slightly more than in dairy milks regardless of milk fat level according to the nutrition facts of dairy milk and lactose-free dairy milks, as shown in Table 4 .
Determination of Ca Concentration in Dairy Milks
The SAM was used to determine concentration of Ca in different type of milk samples. 21 In this study, three The plots giving high correlation coefficients (over R 2 > 0.8) were used to determine Ca in dairy milk using the SAM method. The Ca concentration in the original sample is the negative intercept in the x-axis (at which y ¼ 0) when the linearity of the intensity ratio against concentration. Good correlation coefficients (R 2 ) were found between 0.949 and 0.801 for 1% of dairy milk fat, as shown in Fig. 6a-g , and between 0.943 and 0.984 for 2% of dairy milk fat, as shown in Fig. 6h-j . The average of Ca concentration was obtained to be 2.165 AE 0.203 g/L in 1% of dairy milk fat from Fig. 6a-g and 2 .809 AE 0.172 g/L in 2% of dairy milk fat from Fig. 6h-j . 0% of dairy milk fat was not calculated because the correlation coefficient (R 2 ) values were less than 0.7.
Classification of Different Milk Samples with Principal Component Analysis
Laser-induced breakdown spectroscopy spectra of milk samples were analyzed with the PCA method and the data scattered in the scores plot refer to the mineral element concentrations. This provides a good visualization of the discrimination of the milk samples, as shown in Fig. 7 .
Principal component analysis was applied for four kinds of milk (75 samples). The samples used in PCA were five samples of soy milk powder, five samples of rice milk powder, 15 samples of lactose-free dairy milk (five samples of 0%, 1%, and 2% of lactose-free dairy milk fat samples), and 40 samples of dairy milk (five samples of 0%, 0.09%, 0.4%, 0.88%, 1%, 1.12%, 1.91%, and 2% of dairy milk fat samples). The 13 181 variables (wavelengths) were used to apply this PCA model with full cross-validation using three spectral regions that involved many emission lines of mineral elements (e.g., Mg, Ca, Na, and K). The first spectral region was in the wavelength range of 278.50-285.50 nm, the second region was in 378-425 nm, and the third region was in 450-867 nm of LIBS spectra. The elemental lines and molecular bands observed in each spectral region are listed in Table 5 . The data set, which was used for the PCA method, was mean centered. Laser-induced breakdown spectroscopy spectra of milk samples were scattered on PC1 with 91% and PC2 with 4% in a scores plot, as shown in Fig. 7a . The milk samples can be discriminated depending of their mineral element concentrations. In addition, the loading plots show the variables which highly contribute in the scores plot. Yu et al. used the PCA method with LIBS spectra of soil samples to discriminate emission lines using scores plot and their loading plot of PCA method. 25 The Ca(II) 393.37 nm and Ca(II) 396.85 nm lines were very congregated within PC1 with 91%, while the Na(I) 589.00 nm and Na(I) 589.59 nm lines were in PC2 with 4% from the PCA loading plot because they had the highest values of all PCs, as shown in Fig. 7b . Soy powder milk has higher values of PC2 in the top than other milk samples, as shown in Fig. 7a . The Na lines were more congregated within PC2 from loading plot. As a result, it can be estimated that the Na concentration in soy powder milk was higher than for the other milks studied. The Na concentration in lactose-free dairy milk was also higher than in the dairy milk. These results are in good agreement with the results of univariate analysis method that soy powder milk had higher Na concentrations than other milks studied, as shown in Table 2 . Powdered rice milk has a higher value in PC1 than others. The Ca lines were more congregated within PC1 from loading plot, so it can be discemed that the Ca concentration in rice powder milk is larger than in other milk samples. This result was also in good agreement with the results of univariate analysis method. In addition, the Mg lines from the loading plot in Fig. 7b had slightly contributed on (þ0.09 of PC1, -0.05 of PC2), which rice milk powder located, as shown in Fig. 7a . It can be also Mg concentration higher in rice milk powder. The results of univariate analysis method of the intensity ratios of Mg(I) 285.21 nm with K(I) 766.49 nm line were 0.298, 0.272, 0.207, and 4.136 for dairy milk, lactose-free dairy milk, soy milk powder, and rice milk powder, respectively, as listed in Table 2 .
Determination of the Protein and Fat Levels
The protein and fat levels were studied using CN molecular bands in many studies. 2, 3 The CN molecular bands are in the ultraviolet region of 385-389 nm. The peaks of these bands are the CN (0,0) band at 388.34 nm, the CN (1,1) band at 387.14 nm, and the CN (2,2) band at 386.19 nm. The CN (0,0) band peak did not significantly differ with increasing fat levels of dairy milk fat, as shown in Fig. 8a . The peak intensity of the CN (0,0) band normalized with the C(I) 247.86 nm line as an internal standard to reduce matrix effect was used, as shown in Fig. 8b . In this study, this method was used to determine the protein and fat levels of dairy milk by using the C(I) 247.86 nm line as an internal standard and using SLR. The SLR method relates the intensity of line ratio with its reference as a function of the concentration. 23 This model shows a linear relationship between the peak intensity of the CN (0,0) band normalized with C(I) 247.86 nm line and the fat level of dairy milk. We found a lower slope value, which was 0.034, with a correlation coefficient of (R 2 ¼ 0.915) value, as shown in Fig. 9a .
The relationship between the intensity of the elements and the species concentration or fat milk levels can be analyzed with the PLSR method, to minimize the matrix effect and spectral interference on elemental lines. In this study, the PLSR method was applied to determine fat levels in dairy milk with 53 variables, including a spectral range of 387.65-388.84 nm for the CN (0,0) band. The PLSR model was built using 50 calibration samples of dairy milk with different fat levels, as shown in Fig. 9b . We obtained a better correlation coefficient (R 2 ¼ 0.97) value with the PLSR model than that with the SLR model (R 2 ¼ 0.915). The PLSR and SLR models in Fig. 9a and 9b were used to predict regression for fat levels in dairy milk samples. The relative accuracy (RA%) value was calculated for two different models, as shown in Table 6 .
It is clear that the SLR model predictions have higher RA% values than that for the PLSR model predictions because SLR model suffered more from the matrix effect and spectral interference than PLSR model. The PLSR model was successfully used to predict levels of milk fat in dairy milk samples with the relative accuracy (RA%) < 6.62% using the peak intensity of the CN (0,0) band normalized with C(I) 247.86 nm line.
Conclusion
In this study, mineral elements (Na, K, Ca, and Mg) and protein levels have been successfully studied using LIBS spectra with univariate analysis and MVA methods. These elements were found to have similar concentrations within different milk fat samples. Lactose-free dairy milk had more mineral elements than dairy milk with univariate and multivariate statistical analysis methods. Normalized intensity using Na(I) 589.59 nm and K(I) 766.49 nm lines as internal standards were used to approach the results achieved using MVA methods. The PCA model was successfully applied to evaluate and compare the intensity ratios with their references. Soy milk powder had more Na concentration than other milks. Rice milk powder had high Ca and Mg concentrations. The PLSR model was also successfully applied to predict levels of milk fat in dairy milk with relative accuracy (RA%) < 6.62%, which is better than that obtained from the SLR model. 
